Introduction
Aspects of sustainability have increasingly been presented as a strategic and guiding element in the formation of economic policies practiced in many countries around the world. In this context, a policy that aims to underpin sustainable development necessarily presupposes the efficient use of energy resources. Energy is considered a key factor for development (Sepúlveda 2016) and an important element contributing to the achievement of a world economy (Zhenxing and Jing 2007) . According to the International Energy Agency, the development of effective actions becomes important to solve problems related to climate change in the energy sector (IEA, 2015; Cristino et al. 2018) . Accordingly, with the recognition of importance and availability of technologies for the alternative energy, the associated body of literature has grown substantially. The research related to the alternative energy has become multidisciplinary covering a wide spectrum (Guozhu et al. 2015) . Furthermore, energy management is becoming a priority as organizations strive to reduce energy costs, conform to regulatory requirements, and improve their corporate image (Antunes et al. 2014) .
The most serious concern with Energy Efficiency (EE) arose as a consequence of the oil shocks of 1973-74 and 1979-81 that brought the perception of scarcity of this energy resource, forcing the prices of this and other resources, allowing a series of conservation actions and greater efficiency in the use of its derivatives. During this same period, a race began to diversify the energy matrix, aiming at greater security in meeting energy demand. An emblematic example in Brazil was the case of Proá lcool in the mid-1970s (MME, 2011 .
The National Energy Efficiency Plan (PNEF) notes that, since the publication of the Club of Rome studies, in addition to the movements for the benefit of the environment, in addition to the treaties related to climate change, EE has been elevated to the condition of strategic instrument and sometimes preferable for mitigating greenhouse gas (GHG) emissions and ozone depleting effects. academic-scientific community in the theme of Energy Efficiency as a way to act directly in the reduction of GHG, contributing to the mitigation of climate change on the planet. Thus, increased efficiency can be one of the most economically and environmentally friendly ways to meet part of the energy requirements.
The case of China is emblematic. Since reforms including the economic opening in 1978, the country has achieved rapid economic growth, and its overall economy now ranks second in the world (Zhang and Yang, 2013) . As a result, it also consumes a lot of energy and discharges a large number of pollutants into the ecosystem (Zhang et al., 2008) . For this reason, the Chinese government has been obliged to pay more attention to the development of low carbon energy (Huang et al. 2012) . Nuclear power is one of the measures available to meet new energy demands. On the one hand, nuclear power can reduce China's carbon emissions and secure the energy supply. On the other hand, nuclear power has certain safety risks and requires higher safety technologies. To this end, the Chinese government has enacted a series of policies to support the development of nuclear energy and ensure its safe implementation (Huang et al. 2018) . Energy efficiency policy is considered as a strategic activity by most policy makers (Filippini and Hunt, 2015) . Most countries have energy efficiency policies, such as promoting the use of new energy and funding energy research (Du et al. 2018) .
For Oikonomou et al. (2009) energy efficiency is linked to the adoption of a specific technology capable of reducing energy consumption without behavioral change, while the term energy conservation is directly linked to consumer behavioral change. Croucher (2011) postulates that the achievement of energy efficiency is given by the relationship between the energy actually consumed and the energy demanded, while energy conservation is obtained by minimizing the use of energy-consuming goods and services, such as equipment connected in standy-by, for example.
Energy efficiency corresponds to the implementation of measures that reduce the energy required to meet society's demands for energy services. In short, meeting the needs of the economy with the lowest possible expenditure of primary energy and thus with the least impact on the environment.
Actions aimed at energy efficiency include modifications and / or insertion of technologies that improve the process of production, distribution and use of energy, and may also result from better organization, conservation and energy management by the system's component institutions (Birth, 2015) . Energy Efficiency can be worked on at various levels and scales, whether regarding land use planning policies, companies or even the domestic consumer level (Carvalho, 2013) . Policy makers, business leaders, consumers and researchers have increasingly turned their attention to the alternative energy sources such as solar, wind, and biomass (Narayanana and Natarajanb, 2007; Patrik and Thomas, 2007; Gustav et al. 2008; Kern and Smith, 2008, Zhao et al. 2009; Zhao et al. 2011) . Therefore, it is necessary to evaluate the growing body of literature on the alternative energy. Bibliometric techniques can offer an important quantitative perspective to assess the development and growth of research related to the alternative energy (Guozhu et al. 2015) .
Given the above, this paper aims to investigate the scenario of publications on the Web of Science database of the Institute for Scientific Information (ISI) whose papers have in their title the keyword "energy management" in the period between 2006 and 2019.
Method
A traditional literature review was performed as a fundamental part to support the construction of the text, especially the discussion of the results. Literature review is a totally essential approach in building the basis for any scientific investigation, being crucial to define and justify the research design, objective or methodology (Hart, 1998) . Drawing on Fink (2005) , May et al. (2017) point out the importance of literature review as the main approach for the identification and systematic evaluation of pertinent knowledge about a particular research subject. Therefore, the literature review serves the purpose of investigating and evaluating the existing set of knowledge in a given field and identifying possible research gaps (Tranfield et al., 2003) .
It is known that the process of scientific research starts from a problem, which can be a question or a doubt, which motivates researchers to seek information on a particular theme in libraries and digital bibliographic databases (Tasca et al. 2010) . Bibliometrics is a straightforward analytical approach to measuring and evaluating a large number of scientific publications and citations (Ismail et al., 2009) .
As for the more general objectives, the present study is classified as descriptive (Hair et al. 2005; Gil, 2010) , using bibliometric analysis, mainly due to the nature of its exploratory investigation, with a view to describing the amount, main characteristics and productivity of international scientific publications on a particular topic of growing interest in the academic-scientific community. As for the approach, it is characterized as quantitative. According to Richardson et al. (1999, p. 70) , "the quantitative method [...] is characterized by the use of quantification both in the mode of information collection and in their treatment through statistical techniques [...]". Cardoso et al. (2005) understand that analyzing academic works from the mapping of a given area through systematic reviews is an important way to allow evaluative and reflective processes of these works, as well as the area in question.
Bibliometrics is a useful set of methods for quantitatively analyzing scientific and technological literature (De Bellis, 2009 ). It was defined as "the application of mathematics and statistical methods to books and other media (Pritchard, 1969) . There are two most common bibliometric methods: citation analysis and content analysis. Bibliometric methods have been widely employed to investigate the impact of research fields, the impact of scholars, and the impact of a specific publication (Henderson et al. 2009 ). The bibliometric technique is mainly qualitative, transforming something intangible (scientific quality) into a manageable entity. It was widely adopted in quantitative research exercises of academic production. Two advantages associated with bibliometric analysis are: i. it uses indicators and the calculation of certain classical laws to evaluate research or scientific output in a specific area over a period of time; ii. offers an assessment approach that recognizes the nature of science's knowledge generation as a system (Du et al. 2013) . In fact, bibliometric techniques have become an indispensable instrument for measuring scientific progress in various fields.
Scientific communication, seen as an integrated set of various activities / actions related to the publicization and use of information, constitutes an important factor that enables the acceptance of official academic production as part of scientific knowledge.
Regarding the procedures, it is classified as bibliographic research, since it proposes to conduct a survey of the scientific production on "energy management". In the conception of Raupp and Beuren (2008, p. 87) in this typology "the material consulted in the bibliographic research covers all references already made public regarding the subject of study, from loose publications, newsletters, newspapers, magazines, books, research, monographs, dissertations, theses, among others".
Longitudinal bibliometric research has been common in the Brazilian-academic literature (Perin et al. 2000; Vieira, 2003; Campomar, 2005; Venuto and De Muylder, 2010) . Bibliometric research or desk research, in the context of international academic production, makes major contributions to the literature review process, notably by listing the main articles, authors and current lines of research on a given field of research globally.
A bibliometric analysis consists of applying statistical methods to determine qualitative and quantitative changes in a given scientific research topic, profile publications on the topic, and detect trends within a discipline (De Bakker, Groenewegen and Den Hond, 2005) . In addition, this type of analysis provides useful information for specialists seeking to evaluate scientific activity (Duque, Cervera and Rodrí guez, 2006) , as bibliometric analysis for this particular case acts as a guide to the status of energy management research.
Characteristics of Publications
The data for this study were extracted from the Web of Science (WoS) database (Merigó et al. 2015) , of the Institute for Scientific Information (ISI) -Clarivate Analyticsconsidered one of the largest companies in the scientific knowledge diffusion segment. WoS is a multidisciplinary database that indexes only the most cited journals in their respective fields. The following subsection will present the most detailed collection procedures and, later, the data analysis. Figure 1 schematically presents the methodological design of the first phase of the research. 
Wos Collections Included and Excluded From Study Clipping
The Web of Science (WoS) was searched for documents containing the keyword "Energ* Manag*" (energy management) in its title. The insertion of the asterisk after each word signals to the base search engine a "truncation" (Cooper and Schindler, 2016) . This will only search for documents that contain the exact keyword as entered. In addition, the Citation Index criterion was followed from the WoS Collection, as shown in Table 1 . From the Web of Science Index set, composed of six collections, two were excluded from the citations made in Conference Proceedings, representing 4.89 % of the total. This procedure was necessary to maintain the criterion of analyzing only journal publications, thus excluding those from event annals.
Year of Publication
Once the longitudinal cut (1999-2019) was established, 5,512 articles were obtained. Once this first set of criteria was established, within the Web of Science platform, document types were restricted to "articles" only, leaving an amount of 4,610 articles. Figure 2 shows the number of articles published for each year of the established period.
Figure 2. Number of articles published in the established period
Data extracted from the platform for this study was performed in mid-November 2019, so it is believed that by the end of this year other publications may be available. Nevertheless, there is a significant increase in the number of publications in these two decades, in the order of more than 4,600%. In the period from 1999 to 2006, the average number of articles published was of the order of twenty-eight (28) articles, representing, in percentage terms, 0.607% of the articles of this period. From 2007 onward a very significant growth curve was established, culminating in seven hundred and sixty-one (761) articles published in 2018, representing over 16% of the total of this period (2007 -2018) , data corroborated by previous study (Guozhu et al. 2015) .
There is an indicative scenario that studies in the area of energy, more precisely, energy management, are directly related to the growth of the demand of energy itself, especially by emerging countries, which is considered a Vol. 13, No. 1; 2020 basic and essential ingredient for the development of a nation (Goldemberg, 2000) .
Publications have been increasing in the number of authors per article, which can be considered a unique phenomenon in recent decades worldwide (Camargo Jr. and Coeli, 2012) . Such an occurrence can be corroborated by other international studies (Epstein, 1993; Levsky et al., 2007; Baethge, 2008; Shaban and Aw, 2009 ). The research by Wuchty et al. (2007) verified the authorship of thousands of articles over 50 years, showing that this phenomenon occurs in all areas of knowledge, including the social sciences, although with less intensity.
Language
The number of publications in the English language is predominant, comprising almost 98% of all publications, very close to that found by Ghozhu et al (2015) , in the order of 95.73%. Articles published in Portuguese occupy the fourth position in the ranking, representing 0.312% of publications in English. Table 2 presents the ten predominant languages in the publications. Another important fact seen in the verification of the languages refers to the fact that the Spanish language presents the same amount of publications of the German language. This corroborates the fact that the English language is the most widely used in the dissemination of scientific research followed, as it were, by the Spanish language.
Even so, the difference between the number of publications in the English language and the number of publications in the Spanish language is 96,680 percentage points, showing that there is a significant difference with total predominance of English.
Other studies corroborate the predominance of the English language in publications in the field of study: Du et al. 
WoS Categories
Of this set of documents (articles), only WoS categories with a percentage equal to or greater than 1% were maintained. Applying this filter, the total volume of papers dropped to 3,809, distributed as shown in Table 3 . The criterion of adopting categories with values equal to or greater than 1% allowed to narrow the search to those presented in Table 3 , which, as noted, tops the list of "Renewable Fuels" with more than one third of the total and, at the "Management" category with approximately 1.2%. Coincidental or not, the list begins and ends containing the two key expressions used in the initial search, a fact that corroborates the consistency of the preliminary data verification.
Financing Agencies
As for the Financing Agencies, the same criterion was chosen, with only those with a percentage volume higher than 1%. Three more well-known Brazilian agencies were added, with their respective records and percentage. It should also be noted that, after the definition of the Financing Agencies, the volume of articles decreased to 1,829. Table 4 shows these categories with their records and percentages. Of the three Brazilian agencies, two are public and one is publicly traded and privately held (CPFL). There is a lack of investment in this area of research by Brazilian funding agencies.
The "Other" category containing 1,621 records refers to funding agencies with only one record, so they were merged into a single category. "Spraying" seems to be a hallmark of all funded studies. Thus, we reinforce the thesis that the first five listed have very expressive numbers. Another important feature concerns the country of origin of the funding agencies. Table 5 shows the country to which each agency originates. (Zhang and Yang 2013; Du et al. 2018) .
Authors
The ten authors with the largest number of published articles account for 4.16% of the total publications (4,610). The remaining 4,418 papers appear distributed in 12,361 other authors, with an overall average of 2.8 authors per published article. Table 6 presents the ten authors ranked by production volume. Information on the authors' institutional links was obtained from Research Gate's main Scholar homepage, which is matched by the information entered by the authors directly into their most recent publications. Sixty percent of the authors listed in the top ten most published are linked to some teaching / research institution located in China, corroborated by the data listed in Table 8 where China ranks first among the ten countries with more publications. The average h-index (h-index m ) of the ten most successful authors in publication is 10.1. Tianjin University (TJU) research / education institution ranks eighth in the research undertaken by Chem et al. (2016) , while Aalborg University in Denmark appears in tenth position in the study by Guozhu et al. (2015) . Table 7 presents information on total publications, sum of citations, sum of citations without self-citations, cited articles, articles cited without self-citations, average citation per item, and the h-index index for the ten authors with the highest number of publications. When compared to the general table of publications (Table 10) , it is observed that the ten authors with the largest number of publications have 3.948% of the total volume of articles published in the period (4,610). On the other hand, the h index of this same set of authors represents approximately one third (36.03%) of the total h index. Of the ten authors with the highest number of citations, 60% are linked to institutions whose home country is China, followed by the United Kingdom, Pakistan and Denmark. Figure 3 graphically represents the information contained in Table 6 .
Countries
The ten countries with the highest number of publications are listed in Table 8 . Together, these countries account for 81.32%, a total volume of 3,749 publications. Brazil occupies the 22nd position in the ranking behind Germany, Australia, Japan, Taiwan, Greece, Turkey, Sweden, the Netherlands, Portugal, Pakistan and Singapore.
Although the research chaired by Guozhu et al. (2015) was carried out in the period 1994-2013, using the keywords "renewable energ*" and "sustainable energ*" that appeared in the title, abstract and keyword, in a universe of 14,902 publications, the United States leads the ranking followed by the United Kingdom. China appears in fourth place and Spain in sixth.
This expressive growth in publications from educational / research institutions located in China is believed to reflect the public investment policy implemented by the country in recent years. Studies by Zhang et al (2017) show a significant boom in publication growth, especially from 2010 to 2015 in China, as China has become the main emitter of CO2. This is corroborated by other publications in the same area of study (Guan et al. 2012; Liu et al. 2013; Wang, 2013; Guan et al. 2014; Liu et al. 2015) .
The conclusions presented in the studies by Chen et al. (2016) attest to this assertion by presenting an overview of the development of Chinese energy and fuel research, especially by using this information for policy formulation and impact assessment in past resource allocation decisions to develop energy policies and strategies for the near future. The difference between Brazil, occupying 22nd position and China in the first position is 18.53 percentage points. Put another way, China has exactly 1,186.11% of publications compared to Brazil. Corroborates the fact that the People's Republic of China appears first in the ranking with the fact that among the ten authors with the largest number of publications, six (60%) are linked to institutions located in China. On the other hand, although the United States occupies the second position in the ranking, none of the first ten authors has any connection with American educational and / or research institutions.
Importantly, China cooperated with 75 countries in the field of energy and fuels, being among the eleven countries with the most international collaboration between 1993 and 2012. The collaboration number was over 100 published documents. The total number of cooperatively produced papers in these countries represented 76.7% of the total documents. The United States was China's most important cooperative partner (1433, 45.4%), followed by Japan (498, 15.8%), the United Kingdom (398, 12.6%) and Canada (384, 12.2%). The top five countries with international collaboration with China were also the world's five most energy and fuel producing countries [39] . These findings indicate that China has worked closely with Western developed countries and countries / territories that have special relations with Western developed countries (Chen et al. 2016) .
Journals
In terms of journal performance, Energies was the most productive journal, with a total of 224 articles, followed by Applied Energy (185 articles) and Energy (166 articles). Compared to the studies by Guozhu et al. (2015) , the Energy journal was in third position and the Journal of Cleaner Production in 12th position, whereas in this study the same journal occupies the sixth position. Table 9 presents the ten journals with the greatest contribution in the research area under study. Similarly, in the results presented by Chen et al. (2016) , the periodicals in common as "Applied Energy", which in this study occupies the second position, in that occupies the ninth position. "Energy" (third in the ranking) occupies the tenth position, "Energy Conversion and Management" (6th position) and the journal "Energy and Buildings", the fourteenth position. Finally, the "Energy Policy", which is the last placed here, occupies the 12th position in Chen et al. (2016) , a difference of two positions.
Compared to the studies by Geng et al. (2017) , five journals appear in common, occupying the following positions: Energy Policy (1st); Energy and Buildings (2nd); Applied Energy (5th); Energy (6th); Journal of Cleaner Production (9th).
General Reports
The h index, also known as the Hirsch index, is defined according to the following scenario: A research unit has the index h if h of its publications have at least h citations and the other publications have no more than h citations (Waltman, 2016) . Waltman (2016) points out that the h index was introduced in 2005 (Hirsch, 2005) and quickly became very popular. For the purpose of this study, no detailed discussion of the literature on the h index and its variants is provided. However, some basic and preliminary studies are presented if the reader wants to delve into the subject (Alonso et al., 2009; Panaretos and Malesios, 2009; Egghe, 2010; Norris and Oppenheim, 2010) .
Using the h-index to evaluate an author's impact is not necessarily without criticism. Bornmann and Daniel (2009) argue that this is a key index question of the fact that how informative it is as a measure of a researcher's performance because the "researcher publication record usually contains some highly cited articles and many rarely cited". Conn (2010) warned that the h index could not be used to compare authors from different disciplines, nor was it an accurate indicator for new authors. Table 10 presents the overall citation report from the Web of Science Core Collection -WoS. Table 11 presents more broadly the descriptive characteristics of each item mentioned in Table 8 . Thus, a better understanding of the criteria investigated in the set of citations extracted from the platform is possible.
The h-index (h index), which at this moment refers to all publications, refers to the average number of publications in the period. The h-index is a tool that measures researcher productivity and impact. Thus, the index h of a researcher is obtained by the number of articles published by him and which have citations in number or greater than this number (Hirsch, 2005) .
Some studies pointed to limitations of the h index, which led authors such as Egghe (2006) to develop a variation of the h index, called the g index (g-index). According to the author, a set of papers has index g if g is the highest grade, so that the main articles together have at least g 2 citations.
The e-index adds more precision in the analysis of the authors' production, especially because it has a greater range than the others. In addition, e-index is a necessary complement to h-index, especially to evaluate the most cited authors or to compare more precisely the scientific production of a group of authors (Zhang, 2009 ). Total number of articles that cited. Citation articles mentioned one or more items in the citation report 5 Total number of citing articles, and those citing articles that also appear in the citation report have been removed 6 Average number of articles that cited for all items in the result set. This is the sum of the count of the number of citations divided by the number of results in the set 7 This field displays the h-index count and is based on a list of publications sorted in descending order by the number of citations count. An index of h means that there are h articles in which each has been cited at least h times. H-index is based on the range of years of your product subscription and selected stipulated time. Source items that are not part of your subscription will not be factored into the calculation
Conclusion
The study aimed to analyze the publications cataloged on the Web of Science (WoS) using the keyword "Energy Manag *". Bibliometric was used as a methodological technique. The time frame was from 1999 to 2019, being initially measured 5,512 documents. We chose to include only articles of the type "articles", so this number was reduced to 4,610 papers.
